Objective: To explore differences in the prevalence of outdoor food advertising, and the type and nutritional content of advertised foods, according to an areabased marker of socio-economic position (SEP) in a city in Northern England. Design: All outdoor advertisements in the city were identified during OctoberDecember 2009, their size (in m 2 ) estimated and their location determined using a global positioning system device. Advertisements were classified as food or nonfood. Food advertisements were classified into one of six food categories. Information on the nutritional content of advertised foods was obtained from packaging and manufacturer's websites. An area-based marker of SEP was assigned using the location of each advertisement, grouped into three affluence tertiles for analysis. Setting: A city in Northern England. Subjects: None. Results: In all, 1371 advertisements were identified; 211 (15 %) of these were for food. The advertisements covered 6765 m 2 , of which 1326 m 2 (20 %) was for food. Total advertising and food advertising space was largest in the least affluent tertile. There was little evidence of socio-economic trends in the type or nutritional content of advertised foods. Conclusions: Despite an absence of socio-economic differences in the type and nutritional content of advertised foods, there were socio-economic differences in food advertising space. There may also be socio-economic differences in exposure to outdoor food advertising.
Obesity prevalence in England increased from 13 % to 24 % among men and from 16 % to 25 % among women between 1993 and 2007 (1) . One important correlate of, and perhaps risk factor for, obesity is socio-economic position (SEP), with less affluent socio-economic groups experiencing higher levels of obesity (2) and having greater consumption of foods high in energy density and low in micronutrients (3) . Recently, attention has focused on environmental determinants of obesity and on the concept of the 'obesogenic environment' (4) . The relationship between environmental opportunities for healthy eating and physical activity and obesity prevalence has been well established by a number of studies (5) . Furthermore, there is some evidence that areas with a greater proportion of less affluent people appear to be more 'obesogenic', with fewer opportunities for healthy eating and physical activity than areas with a greater proportion of more affluent people (6) . However, these data are not entirely consistent with, for example, fast-food outlets showing concentration in more deprived neighbourhoods in some areas (7) (8) (9) , but not in others (10, 11) .
One potentially important, but relatively unstudied, aspect of the obesogenic environment is outdoor food advertising. A recent systematic review concluded that food promotion has an influence on children's food preferences, purchasing requests and consumption (12) . Adults may also be vulnerable to the effects of food advertising (13) . There are also potentially wider, indirect effects of food advertising in terms of normalising and increasing the salience of advertised products (14) . The majority of previous work on food advertising has focused on television (TV) advertisements (15) and, as awareness of the possible harms of food advertising has grown, calls for regulation have also increased (16) (17) (18) (19) . In the UK, scheduling restrictions on TV food advertising to children were introduced in 2007, prohibiting advertisements for less-healthy foods during and around programmes with a high proportion of child viewers (20) . However, outdoor food advertising in the UK is not subject to any particular content regulations (21) . *Corresponding author: j.m.adams@ncl.ac.uk r The Authors 2011
Although we are unaware of any previous research on outdoor food advertising in the UK, research from other high-income countries shows some evidence of clustering of food and alcohol advertisements, particularly around schools and other institutions that tend to attract families (22, 23) . The evidence on differences in advertising according to socio-economic characteristics is more mixed.
For example, advertisements for sugary beverages, fast food, alcohol and tobacco were found to cluster around child-serving institutions, particularly in neighbourhoods with high non-white populations, in Philadelphia (PA, USA) and Los Angeles (CA, USA) (22) . However, no evidence of any clustering was found in Austin (TX, USA), where regulations affecting outdoor advertising are stricter than in Philadelphia and Los Angeles.
In New Zealand, a pilot study found, contrary to expectation, that outdoor advertisements for foods inconsistent with government dietary recommendations were more prevalent in higher, compared with lower, income neighbourhoods. A study from Australia found a significantly higher prevalence of advertisements for foods that do not fit within government recommendations for a balanced diet within 500 m of a primary school, compared with other areas (24, 25) . These findings, in relation to outdoor food advertising, reflect those in relation to fast-food outlets discussed above. It seems likely that the clustering of aspects of the obesogenic environment, and the manner in which it does so, with factors such as deprivation varies from place to place (11) . One possible reason for a higher prevalence of food advertisements in some areas, compared with others, within single cities is that marketers are targeting their campaigns at particular population groups. Alternatively, advertising sites in non-white areas, or around schools, may be cheaper and so preferred by marketers (26) . Given the clear socio-economic differences in diet and obesity in the UK, the potential for outdoor advertising to affect these outcomes, and the international evidence that outdoor food advertisements can cluster in particular localities, we explored differences in total prevalence of outdoor food advertising, as well as the types and nutritional content of advertised foods, according to an area-level marker of SEP in one city in Northern England.
Methods
The study city, Newcastle upon Tyne, has a population of 259 500 and is ranked as the thirty-seventh most deprived local authority area in England out of 354 such areas.
Data collection
We attempted to identify all outdoor advertisements, for any product, within the study city boundaries. Initial observations revealed that there were no outdoor advertisements in residential areas or on motorways. The study was, therefore, restricted to bus routes and areas around shops. All outdoor advertisements were identified by observation, photographed, their size in square metres estimated and their location determined using a handheld global positioning system device (Garmin eTrex; Garmin International Inc., Olathe, KS, USA). All data were collected by one researcher (E.G.) in October-December 2009.
Food categories
All advertisements were classified as food (including non-alcoholic drinks) or non-food (including alcoholic drinks). Food advertisements were further categorised into one of six groups on the basis of the five categories in the UK Food Standards Agency's 'Eatwell plate', plus an additional category: other foods.
Nutritional information
Information on the nutritional content of advertised foods was obtained from manufacturers' websites and packaging. This information was used to calculate the percentage of energy derived from protein, carbohydrate, sugar, fat and saturated fat, as well as the energy, fibre and Na density of all foods advertised. Nutritional information was also used to calculate whether advertised foods were considered 'high in fat, salt or sugar' (HFSS) according to the UK Food Standard Agency's Nutrient Profiling Model (27) . This model is used to identify 'less-healthy' foods that are subject to the UK TV food advertising scheduling restrictions (20) .
Socio-economic position
The SEP of the location of each food advertisement was measured using an area-based marker of deprivation called the English Index of Multiple Deprivation 2007 (IMD) (28) . This is determined from information on thirtyseven indicators within seven deprivation domains and can be calculated at various geographical levels. The smallest geographical level that IMD is available at is the lower super output area (LSOA). LSOA consists of small geographical areas containing around 1500 households. The LSOA of each advertisement was determined using grid references obtained from the handheld global positioning system unit. Using IMD gives an indication of the deprivation status of individuals living in close proximity to each advertisement and is used as a proxy of the SEP of these inanimate objects. IMD scores were then grouped into three tertiles for analysis -labelled as least affluent, middle and most affluent.
Data analysis
We took the size (in m 2 ) of advertisements into account in the majority of our analyses, assuming that larger advertisements have a greater impact.
Average nutritional content of advertised foods, weighted for the relative size of each advertisement, was described using medians and interquartile ranges, as distributions were non-normal. Data from the middle and most affluent tertiles were compared with data from the least affluent tertile using the Mann-Whitney U test.
The distribution of food advertising space across food categories was calculated and the proportion of food advertising space that was, and was not, in each category in the middle and most affluent tertiles was compared with that in the least affluent tertile using Fisher's exact test. The same procedure was used to compare the proportion of food advertising space that was and was not for HFSS foods across tertiles. Table 1 shows the number and size of advertisements across IMD tertiles. A total of 1371 advertisements were identified, of which 211 (15 %) were for food. The proportion of advertisements that were for food was significantly smaller in the most v. the least affluent tertile, with some indication of a trend in the proportion of advertising space devoted to food decreasing as area affluence increased. Together, the advertisements identified covered an area of 6765 m 2 , of which 1326 m 2 (20 %) was for food. The total advertising space and total food advertising space were substantially larger in the least affluent, compared with the middle and most affluent, tertiles. The proportion of all advertising space that was for food was significantly higher in the middle, compared with the least affluent, tertile, and lower in the most, compared with the least affluent, IMD tertile. Table 2 shows the nutritional content of outdoor food advertisements, weighted by the relative size (in m 2 ) of each advertisement. For comparison, the recommended ranges for avoidance of diet-related diseases provided by WHO and FAO (29) are also shown. Compared with these recommendations, advertised foods tended to be high in fat and low in protein, carbohydrate and fibre.
Results
There was little evidence that nutritional content showed any consistent trends across socio-economic tertiles. Statistically significant differences did suggest that foods advertised in the most affluent tertile were the poorest choice for health -being significantly higher in energy density (P , 0?01), sugar (P , 0?05) and fat (P , 0?01) compared with foods advertised in the least affluent tertile. In contrast, foods advertised in the middle tertile appeared to be the best choice for health -being significantly lower in energy density (P , 0?01) and sugar (P , 0?001) compared with foods advertised in the least affluent tertile.
The most commonly advertised food in the sample was 'KFC Buffalo Toasted Twister' (thirty-one advertisements, 14?7 % of food advertisements). This advertisement featured a close-up shot of the product with text describing the name, price and options for the product. All food advertisements featured a specific product or products, Values were significantly different from those of the least affluent tertile (Fisher's exact test): *P , 0?05, **P , 0?01, ***P , 0?001. . rather than being for wider brand ranges or restaurants in general. The first six data rows of Table 3 show the food advertising space (in m 2 ) devoted to each of the six food categories, overall as well as in each affluence tertile. Also shown are the main types of foods that were advertised within each food category. Only three of the six food categories were represented: 'milk and dairy foods', 'food and drinks high in fat and/or sugar' and 'other foods'. Significantly less advertising space was devoted to 'milk and dairy foods' and 'food and drinks high in fat and/or sugar' in the middle, compared with the least affluent, tertile (P , 0?01). Significantly more advertising space was devoted to 'other foods' in the middle, compared with the least affluent, tertile (P , 0?01). There was little evidence of consistent socio-economic trends across tertiles.
Just over one-third of food advertising space was devoted to HFSS products (last row, Table 3 ). The proportion of advertising space devoted to HFSS products was significantly higher in the middle than in the least affluent tertile (P , 0?001).
Discussion
The present study is the first to examine outdoor food advertising in the UK and adds to the small international literature on socio-economic differences in outdoor food advertising.
We found that food accounted for 16 % of all outdoor advertisements, but for 20 % of all outdoor advertising space. Compared with a diet recommended for avoidance of diet-related diseases, advertised foods were noticeably high in fat and low in fibre, but within recommended ranges for sugar, saturated fat and Na. Whereas almost half of food advertising space was devoted to 'food and drinks high in fat and/or sugar', only around one-third was devoted to foods that were HFSS and would be subject to scheduling restrictions on UK TV.
The absolute space, as well as the proportion of all advertising space, devoted to food advertising was lowest in the most affluent areas. There was little evidence of consistent trends in the nutritional content or type of food advertised according to an area-based marker of SEP. There was some indication that advertised foods had the least healthy nutritional profile in the most affluent areas.
To the best of our knowledge, ours is the first study to collect detailed nutritional information on foods advertised outdoors, rather than just classify foods into broad categories.
However, as data collection was performed by a single researcher (E.G.), it took more than a month to complete. It is likely that some advertisements changed during the data collection period and the data do not represent a true cross-section at one point in time. However, all advertising spaces were only viewed once and we avoided double counting of individual advertising spaces. In addition, many advertisements in the sample were for seasonal products related to the Christmas period (data were collected in October-December). It is likely that food advertising varies seasonally and our data may not be representative of outdoor food advertising at other times of the year. Further study is needed to explore seasonal variations in outdoor food advertising. The small areas that IMD scores are calculated at are approximately equal in terms of population, but not necessarily of geographical area. This means that, although our IMD tertiles each represent approximately one-third of the population of the city, they do not necessarily represent similar geographical areas. We did not study advertising density and further studies should explore this.
By weighting our results according to size, we took into account one possible determinant of advertisement impact. However, there are likely to be other determinants of impact that we have not considered (e.g. location and creativity).
Furthermore, our data document what advertisements were present in Newcastle upon Tyne during the data collection period and where these were. This sample may not be representative of the UK more generally and, as discussed, the relationship between SEP and outdoor food advertising may vary substantially between different locales. Moreover, our data do not describe exposure to advertisements. It is not necessarily the case that an individual living near a particular advertisement is more exposed to it than someone living distant from it. Given our finding that outdoor advertisements were only present on bus routes or in shopping areas, exposure is also likely to occur during travel and shopping -both of which may take place geographically distant from where individuals live. Measuring exposure to advertisements was beyond the scope of the present study and should be explored in future research.
Almost half of food advertising space (45 %) was for 'food and drinks high in fat and/or sugar' that the UK government recommends should be eaten only 'sparingly' (30) . In contrast, no advertisements were found for 'fruit and vegetables' that the UK government recommends consuming at least five portions per day (30) . Furthermore, more than one-third of food advertising space was devoted to HFSS products. Advertised foods were particularly high in fat and low in fibre. Overall, outdoor food advertisements, like food advertisements in magazines and on TV (24, 30, 31) , do not reflect current recommendations for healthy eating.
The total outdoor advertisement space (in m 2 ), as well as that devoted to advertisements for food, was highest in the least affluent tertile and lowest in the most affluent tertile. This suggests that there is a higher availability of advertising space in less affluent areas and reflects similar findings from African-American neighbourhoods in New York city (26) . Kwate et al. (32) suggest that higher availability of advertising space in less affluent areas is due to a higher number of industrial estates and cheaper advertising rates. This may lead to socio-economic differences in exposure to outdoor food advertising.
We found some evidence that foods advertised in the most affluent areas were the poorest choice for healthwith the highest energy density and sugar and fat content. Although these results have some similarities to a previous study from New Zealand, where advertisements for 'noncore' foods were more prevalent in higher-income neighbourhoods (25) , they do not reflect known socio-economic differences in diet and obesity (3) or previous data that have found clear socio-economic differences in food advertising in magazines (24) and on TV (33) . This highlights that patterns of food advertising may not be similar across media.
We found very little variation in food advertising, with only forty-four food products represented in our total sample of 211 food advertisements. Few other published reports have included data on the number of individual products advertised, rather than the total number of advertisements found; hence, it is difficult to compare this finding with others. However, it may be that the outdoor sector is less varied and more repetitive than other advertising sectors. This may also explain the absence of socio-economic variations. Further research should explore this possibility.
Conclusion and implications
In the present study of outdoor food advertising in the UK, we found that outdoor food advertisements do not reflect current dietary recommendations. There was little evidence of socio-economic patterning in the type or nutritional content of foods advertised. However, the total absolute space devoted to food advertisements was highest in the least affluent areas and lowest in the most affluent areas and there may be socio-economic differences in exposure to outdoor food advertising. The determinants of obesity are complex and a holistic approach is required to understand and tackle obesity. However, there is now growing consensus that food promotion has a negative impact on children's food preferences and choices (12, 13, 34) . This has led to regulation of TV food advertising to children in the UK (20) . There is now emerging evidence that adults too are influenced by food advertisements (13) . By regulating food advertising in some spheres, but not in others, the UK government is sending very mixed messages to advertisers and consumers. A more consistent approach may be warranted with regulation of all food advertising, and not just TV food advertisements aimed at children. Local authorities in the UK and elsewhere may also want to consider using planning restrictions and other tools available to them to reduce outdoor food advertising. 
